Autoantibodies to the insulin receptor have been detected in the sera of several patients with the Type B syndrome of insulin resistance and acanthosis nigricans. In this study we have used three of these sera (B-1, B-2, and B-3) as probes of the insulin receptor in isolated rat adipocytes. Preincubation of adipocytes with each of the three sera resulted in an inhibition of subsequent [ 125 I]insulin binding. 50% inhibition of binding occurred with serum dilutions of 1:5 to 1:7,500. As in our previous studies with other tissues, Scatchard analysis of the insulin-binding data was curvilinear consistent with negative cooperativity. Computer analysis suggested that in each case the inhibition of binding was due to a decrease in receptor affinity rather than a change in available receptor number.
A B S T R A C T Autoantibodies to the insulin receptor have been detected in the sera of several patients with the Type B syndrome of insulin resistance and acanthosis nigricans. In this study we have used three of these sera (B-1, B-2, and B-3) as probes ofthe insulin receptor in isolated rat adipocytes. Preincubation of adipocytes with each of the three sera resulted in an inhibition of subsequent [1251] insulin binding. 50% inhibition of binding occurred with serum dilutions of 1:5 to 1:7,500. As in our previous studies with other tissues, Scatchard analysis of the insulin-binding data was curvilinear consistent with negative cooperativity. Computer analysis suggested that in each case the inhibition of binding was due to a decrease in receptor affinity rather than a change in available receptor number.
In addition to the effects on insulin binding, adipocytes pretreated with antireceptor sera also showed alterations in biological responses. All three sera produced some stimulation of basal glucose oxidation. With serum B-3, maximal stimulation of glucose oxidation occurred at a serum concentration that inhibited binding by only 10-15%, whereas with serum B-2 the dilution curves for inhibition of binding and stimulation of glucose oxidation were superimposable. Serum B-1 behaved as a partial agonist; that is, it inhibited binding more effectively than it stimulated glucose oxidation. Cells pretreated with this serum in a concentration which inhibited binding by 80% also showed a five-fold shift to the right in the dose response of insulin-stimulated glucose oxidation, whereas sperminestimulated glucose oxidation was unaffected. Serum B-2, which contained the highest titer of antireceptor This work was presented in part at the 36th Annual Meeting of the American Diabetes Association, [20] [21] [22] June 1976, San Francisco, Calif.
Receivedfor publication 16 December 1976 and in revised form 5 July 1977. antibodies, also stimulated 2-deoxy-glucose transport, as well as glucose incorporation into lipid and glycogen.
Both the ability of the serum to inhibit binding and stimulate glucose utilization were enriched in purified immunoglobulin fractions and retained in the F(ab')2 fragment of the IgG. In addition, the bioactivity was blocked by antihuman IgG but not by anti-insulin antibodies. Enzymatic digestion of adipocytes with trypsin resulted in a complete loss of insulin-stimulated bioactivity of serum B-3, but had only minor effects on the glucose oxidation produced by serum B-1 or B-2.
These data suggest that the antibodies present in these three sera bind to different determinants on the insulin receptor. Thus, these antibodies may be useful probes of receptor structure and function.
INTRODUCTION
We have recently described several patients with two clinical syndromes characterized by marked insulin resistance and the skin disorder acanthosis nigricans (1) . In the Type A form of these syndromes, the insulin resistance and acanthosis nigricans occurred in young females with signs of virilization, whereas in Type B these findings occurred in older patients with signs of an immunologic disorder. The insulin resistance in both Type A and B patients was associated with a marked decrease in insulin binding to its receptor sites. Furthermore, the sera of the Type B patients contained inhibitors which could reproduce this receptor defect in vitro using normal cells (2) . These inhibitors of insulin receptor function were shown to be antibodies directed at the insulin receptor (3) .
In the present study, we have investigated the effects of three sera containing anti-insulin receptor antibodies on isolated rat adipocytes. With Preparation ofisolated adipocytes. Male Sprague-Dawley rats (100-180 g) were used for all experiments. All studies were performed in the morning on animals which had free access to standard Purina rat chow. Animals were anesthetized with ether and decapitated, and the epididymal fat pads were removed. The fat pads were cut into several pieces and digested at 37°C with gentle shaking in Krebs-Ringer bicarbonate (KRB)1 buffer containing 2 mg/ml collagenase. The KrebsRinger bicarbonate buffer used in all experiments contained 118 mM NaCl, 5 mM KCI, 1.3 mM CaCl2, 1.3 mM MgSO4, 1.2 mM KH2PO4, and 25 mM NaHCO3. The pH was adjusted to 7.4 with NaOH after the buffer had been equilibrated with 95%02:5% CO2. After 40-60 min the isolated adipocytes were separated from debris by filtration through a silk screen. The cells were washed three times in a Krebs-Ringer bicarbonate buffer and resuspended in KRB containing 2% bovine serum albumin (KRB-A).
Bioassays. Glucose oxidation was studied by measuring the conversion of [U-14C]glucose to 14CO2 (6) . Fat cells from two rats were resuspended in 15 ml ofKRB-A; 0.2 ml ofthe cell suspension was added to 1.8 ml of KRB-A containing 0.3 mM glucose and 10 ,uCi of [U-_4C]glucose in polyethylene bottles.
The incubation vessels were gassed with 95% 02:5% CO2, capped, and incubated in a metabolic shaker at 37°C for 2 h. At the end ofthe incubation period, the contents ofthe vessels were acidified with 0.3 ml of2 N H2SO4 and the evolved 14C02 collected in 0.2 ml ofhyamine hydroxide in hanging wells. All glucose oxidation assays were performed in duplicate or triplicate.
Glucose incorporation into lipids and glycogen was measured under conditions similar to those for glucose oxidation, except that the concentrations of both labeled and unlabeled glucose were increased ten-fold. At the end ofa 2-h incubation, duplicate 200-,ll aliquots were taken and the cells were separated from the medium by centrifugation through dinonyl phthalate as described below. The cells were then hydrolyzed in 30% KOH, and acidified, and total lipids were extracted using a modification of the method of Baruch and Chaikoff (7) . ['4C]glucose incorporation into glycogen was measured using the method of Lawrence et al. (8) with an incubation period of only 20 min at 37°C. Both the glycogen and lipid extracts were counted in a scintillation counter. For these experiments, fasted and refed rats were used, since this appeared to increase the fraction of glucose incorporation into lipid and glycogen.
Glucose transport was measured using 2-deoxy-D-[1-14C]-glucose (sp act 52 mCi/mmol) as described by Olefsky, with minor modification (9) . Cells were preincubated with buffer, insulin, or serum fractions for 20 (11, 12) with a variety of other tissues, it had become clear that the binding ofantireceptor antibodies to the insulin receptors on cell membranes was of a high affinity and only very slowly reversed. Thus, to study the effects of these sera on adipocytes while minimizing any effect ofother serum factors in the incubation, all studies were performed by preincubating fat cells with serum and then washing the cells to remove all serum factors not tightly bound to the cells. In practice, fat cells were incubated with the patient's serum or control serum at the indicated dilutions for 15 min at 30°C and then washed three times in KRB-A before use in the binding or glucose oxidation assays. With this procedure, the effects ofendogenous insulin or insulin-like peptides were minimized.
Purified IgG was prepared by DEAE chromatography (13) Effects of Anti-Insulin Receptor Antibodies on Adipocytes of the ammonium sulfate-precipitated immunoglobulins unless otherwise stated. The bivalent F(ab')2 fragment ofthe IgG was prepared from the IgG by pepsin digestion (14) and purified by gel filtration on Sephadex G-200. In studies with partially purified immunoglobulin fractions, the wash-out technique described above was not performed. Enzyme studies. For some studies, fat cells were treated with trypsin or neuraminidase before use in the glucose oxidation. In these experiments the isolated fat cells were incubated with the enzyme at the indicated concentrations in KRB containing 2% bovine serum albumin for 15 min at 37°C. Lima bean trypsin inhibitor was then added to the cells exposed to trypsin (in a concentration equal to that of trypsin on a weight basis), and the cells were then washed three times in KRB-A. When the effect of enzymatic digestion and serum pretreatment were both studied, the enzymatic digestion was always performed first.
Binding data analysis. The data from the binding experiments were analyzed using Scatchard analysis (15) . In the present study with adipocytes, as in previous studies from our laboratory with other tissues (16) (17) (18) , the Scatchard plot was curvilinear and concave upward. From kinetic studies, this appears to be due, at least in part, to negatively cooperative site-site interactions among insulin receptors (16, 17) . De Meyts and Roth have recently proposed a new quantitative approach to analysis of ligand binding data when cooperativity is present (19) . In this analysis, the receptor is assumed to exist in two conformations: a high-affinity conformation at low levels ofoccupancy and a low-affinity conformation at high levels of occupancy. This high-affinity binding constant has been referred to as Re (affinity ofthe empty receptor); the low affinity binding constant has been referred to as Rf(affinity ofthe filled receptor). The ratio ofK[f/e has been termed a and is an interaction factor which is related to the change in free energy associated with the negative cooperativity (20) . The average affinity at any level of occupancy is the geometric mean of the fraction of sites with Ke and kf.
In the case of the insulin receptor on lymphocytes, liver membranes, and adipocytes, the fall in average affinity due to cooperativity appears to be a simple, linear function of occupancy (20) , such that
where Y is the fractional occupancy (.R) and a is an interaction factor which is equal to [,lKe. By substituting k for the affinity constant in the classical Scatchard equation, we obtain B (
The Scatchard plot is then a curve governed by three constants, Ke, R,, and a, which are unknowns, and B an F which are the experimentally determined variables.
In this study, the Scatchard plots were determined using a PDP-10 computer with an M-Lab model-fitting program and a cooperative model designed by Pierre De Meyts for the insulin-receptor interaction.2 This program was designed to obtain the best fit ofthe data by varying Ke, a, and R0 (the total receptor concentration). Analysis using this model consistently yielded a better fit ofthe data than a simple linear Scatchard plot. To minimize the influence of interassay variability, all data obtained on cells treated with antireceptor sera were compared with data on cells treated with the same concentration of normal sera studied in the same experiment.
RESULTS
Effects ofserum on insulin binding. When isolated rat adipocytes were exposed to serum from the three patients with the Type B form of insulin resistance and acanthosis nigricans (B-1, B-2, and B-3) at dilutions of 1:20 and then washed extensively to eliminate any free residual serum, there was a 30-95% decrease in subsequent insulin binding to these cells (Fig. 1, bottom ).
These correspond to the same three sera that exhibited anti-insulin receptor activity against human lymphocytes and monocytes (2, 3) , and in fact, these sera show the same order of potency in rat adipose as in the human-derived tissues. Sera from the three patients with the Type A form of insulin resistance and acanthosis nigricans in whom there was no evidence for antireceptor activity in other systems, as well as sera from four patients with partial lipodystrophies and lipoatrophy, did not cause a significant decrease in insulin binding to these cells, despite clinical similarities among these patients and despite similar elevations of endogenous insulin.
[125I]Insulin binding was also not affected by pretreatment of cells with normal serum, and ranged between 80 and 115% of the binding observed if the cells were exposed only to a buffer control (Fig. 1 , bottom). In all of these experiments, nonspecific binding averaged 10-15% of the total binding and was not affected by serum pretreatment.
The inhibitory effect of the serum from the Type B patients on insulin binding was related to the concentration of serum used and to the patient from whom the serum was obtained (Fig. 2, dashed lines) . Serum B-2 produced almost a complete inhibition of binding at a concentration of 1:1,000, and 50% inhibition at dilutions between 1:2,500 and 1:7,500; sera B-1 and B-3 were much less potent, producing 50% inhibition at dilutions of about 1:5 and 1:20, respectively.
As in our previous studies using cultured human lymphocytes (3), the inhibitor of insulin binding to isolated adipocytes was retained in the purified IgG fraction obtained from serum by DEAE chromatography 2The exact method ofdata analysis is being submitted elsewhere for publication. Details, however, may be obtained by writing to Dr. C. R. Kahn pocytes was studied using cells that had been pretreated with normal or antibody-containing sera (Fig.  4 A) . In each case the inhibition ofbinding produced by the antireceptor serum was greatest at low concentrations of insulin and decreased with increasing insulin concentration, suggesting a competitive type of inhibition.
As with other insulin receptors, Scatchard analysis of insulin binding to isolated adipocytes yielded curvi- Effect of IgG and F(ab')2 on insulin binding to adipocytes. A purified fraction ofIgG was obtained from serum B-2 by DEAE chromatography and the F(ab')2 was prepared by pepsin digestion. Adipocytes were then pretreated with the indicated dilutions of these preparations and insulin binding determined as indicated in the legend to Fig. 1 . The concentration of the IgG preparation was about 8 mg/ml. The exact concentration of the F(ab')2 in these experiments is uncertain since carrier IgG was added during the pepsin treatment and subsequent gel filtration. Based on other experiments, however, it is probably about 1 mg/ml. linear plots (see Methods) (Fig. 4 B) . (Fig.  1, top) . Preincubation with 1:20 dilutions of serum from patients B-2 and B-3, who had evidence for antireceptor antibodies as measured by inhibition of [1251]insulin binding, stimulated glucose oxidation dramatically. This effect on glucose oxidation was linear over the entire 2-h incubation despite the fact that the cells had only been exposed to serum for 15 min at 30°C and washed before the study (data not shown). In contrast, basal glucose oxidation was not altered in cells which had been preincubated with 1:20 dilutions of sera from patients A-1, A-2, or A-3, who have high endogenous insulin levels (100-300 t,U/ml) but no antireceptor activity. Serum from four patients with partial or complete lipodystrophy, normal serum, or normal serum to which 10 ng/ml (250 ,uU/ml) of porcine insulin was added showed little or no effect on basal glucose oxidation under the same experimental design, i.e., present only during a 15-min preincubation at a 1:20 dilution.
The effects of the three antireceptor sera on basal glucose oxidation are shown in more detail in Fig. 2 (solid lines). Note that whereas high concentration of all three sera could produce 80-95% inhibition of insulin binding, their effects on glucose oxidation were variable. Serum B-1 produced only a 40% stimulation of glucose oxidation, even at 1:2 dilution. In contrast, sera B-2 and B-3 could produce stimulation of glucose oxidation equivalent to that produced by maximal concentrations of insulin at dilutions of 1:2,000 and 1:100 in the preincubation.
The insulin-like effects of the antireceptor antisera were also apparent when other biological responses were measured (Table II) . Serum B-2, which had the highest titer of antireceptor activity, produced maximal or near-maximal stimulation of 2-deoxy-glucose transport, glucose incorporation into lipid, and glucose incorporation into glycogen at dilutions of 1:5,000 and 1:1,000, whereas normal serum had little or no effect at dilutions of 1:500. The stimulatory or insulin-like effect observed with these sera was due to the antireceptor immunoglobulins, not insulin. Addition of antihuman IgG to the preincubation with the most potent serum (B-2) resulted in an inhibition of most of the insulin-like effect (Fig. 5) . In contrast, anti-insulin serum, in a concentration sufficient to inhibit insulin-stimulated glucose oxidation, had no effect on the stimulation produced by the antireceptor sera.
The stimulatory effect was also retained in partially purified immunoglobulin fractions. IgG fractions from both B-2 and B-3 purified by ionic exchange or gel filtration chromatography showed a five-to ten-fold enrichment in insulin-like activity when compared with whole serum (Fig. 6 A and 6 B) . IgG from serum B-2 produced significant stimulation of glucose oxidation at concentrations as low as 0.2 gg/ml, and stimulation was maximal by concentrations of 10 ,ug/ml. The stimulatory activity was also retained in the F(ab')2 fragments ofthis IgG (Fig. 6 A) . Insulin-like activity was also observed with IgM-containing fractions from serum B-3 ( inhibitory activity is also associated with IgM of this serum (3). Effects of antireceptor serum on insulin-stimulated glucose oxidation. Only one ofthe three sera could be shown to inhibit insulin-stimulated glucose oxidation. When the cells preincubated with 1:2 dilution of serum B-1 were subjected to further stimulation by insulin, the dose response of glucose oxidation was clearly shifted to the right (Fig. 7) . The dose of insulin producing half-maximal stimulation of the antibodytreated cells was 1.5 ng/ml as compared with about 0.3 ng/ml for cells pretreated with normal sera. This fivefold shift in insulin sensitivity correlates well with the concomitant 80% reduction in insulin binding observed with these cells (Fig. 2) . In contrast, preincubation ofadipocytes with serum B-1 did not inhibit spermine-stimulated glucose oxidation (Table III) .
No inhibition of insulin-stimulated glucose oxidation could be demonstrated with serum B-2 or B-3, since they had such potent stimulatory effects themselves. The stimulatory effects of sera B-2 and B-3 were further augmented by insulin when both were present at sub- The effects of these fractions and the whole serum on glucose oxidation were performed as described in Methods.
maximal concentrations (Table IV) . At maximally effective concentrations, the stimulatory effects of the antireceptor sera and insulin were similar in magnitude, and there was no increase in glucose oxidation when both were used together. Mechanism of the antibody effects on glucose oxidation. The insulin-like activity produced by the antireceptor sera appears to be due to an interaction of the antibody with the receptor in a manner distinct from washed and used in a glucose oxidation bioassay as described in the legend to Fig. 1 and Methods. Some flasks also contained insulin at the indicated concentrations during the bioassay.
that which results in the inhibition of insulin binding. This is suggested both by a careful quantitative comparison of the effects of serum on binding and bioactivity and by the qualitative differences observed after enzymatic treatment of the adipocytes. For example, serum B-1 inhibited insulin binding much more effec- tively than it stimulated glucose oxidation, whereas serum B-3 stimulated glucose oxidation more effectively than it inhibited binding (Fig. 2) . With serum B-2, the curves for stimulation of glucose oxidation and inhibition of insulin binding were almost superimposable. Note that insulin itself causes a maximal stimulation of glucose oxidation while inhibiting insulin binding by only 5%, a finding which is consistent with the presence of spare receptors (7, 9, 21) . Serum B-3 has a curve similar to that of insulin and produces maximal stimulation of glucose oxidation at a time when insulin binding is inhibited by only about 15%. In contrast, serum B-2 shows almost a linear relationship between binding-inhibition and stimulation of glucose oxidation, and serum B-1 has less effect on glucose oxidation than on insulin binding. Compared with insulin or serum B-3, sera B-1 and B-2 are behaving as partial agonists toward the insulin receptor. Further study is required to learn whether this is due to differences in the intrinsic activity of the antibodies in the different sera or simply due to heterogeneity in the populations of antibodies. Effects of antibody on enzymatically treated cells. The possibility that these antisera were binding to separate regions of the insulin receptor was explored in more detail using cells which had been enzymatically treated. When cells were digested with neuraminidase (5 ,ug/ml), basal, insulin-stimulated, and antibody-stimulated glucose oxidation decreased in parallel (data not shown). Glucose oxidation stimulated by concanavalin A and spermine also decreased (data not shown). This suggests that neuraminidase acts directly to damage the glucose transport mechanism or some other factor common to the glucose oxidation which is observed under all of these circumstances (22) .
In contrast, when fat cells were digested with varying concentrations of trypsin, there was a greater loss of insulin-stimulated glucose oxidation than of glucose oxidation stimulated by the antireceptor sera (Fig. 8) . This difference was most marked with sera B-1 and B-2. Of the sera, the stimulatory effect of B-3 was the most sensitive to trypsin and most closely resembled the results obtained with insulin-stimulated glucose oxidation.
DISCUSSION
Antibodies that bind to cell membranes and alter receptor function have now been described in three disease syndromes: Graves' disease (23, 24) [TRYPSIN] mg/ml FIGURE 8 Effect of trypsin on glucose oxidation. Adipocytes were incubated with either buffer or trypsin (at the indicated concentrations) for 15 min at 37°C. Trypsin inhibitor was then added, and the cells were washed two times and then aliquoted for use in a glucose oxidation assay as described in Methods. In this experiment, insulin and the sera at the indicated concentrations were present during the entire glucose oxidation assay. (25) (26) (27) (28) , and the Type B form of insulin resistance associated with acanthosis nigricans (1) (2) (3) . We have previously shown that the sera of patients with the latter synd1rome contain antibodies which block insulin binding to receptors in several tissues including human lymphocytes and monocytes and rat hepatocytes. In the present study, we have used these antibodies as a probe of the insulin receptor in isolated rat adipocytes. As in our previous studies, all three sera containing antireceptor antibodies inhibited insulin binding to the isolated adipocytes. The inhibitory titers in these experiments ranged from 1:7,500 to 1:5 for these three sera and were very close to those observed with human cells (2, 3) , suggesting a high degree of similarity between the insulin receptor of the rat adipocyte and those on human white blood cells. All three sera produced this decrease in insulin binding by decreasing the affinity of the receptor for insulin. This is in contrast to what we have observed in similar experiments using cultured human lymphocytes, where at least one serum blocks insulin binding by decreasing available receptor number (12) . Whether this represents an intrinsic difference in the adipocyte and lymphocyte receptors or reflects differences in experimental conditions such as time, temperature, and buffer composition D 20 iS uncertain.
In the isolated adipocyte, these antireceptor sera also had profound effects on glucose utilization. Serum B-i, which had minimal effects on basal glucose oxidation, inhibited insulin-stimulated glucose oxidation in direct proportion to its ability to inhibit insulin binding. The other two sera are especially interesting since they had considerable ability to stimulate glucose utilization, suggesting perhaps that they bind even closer to the site on the receptor responsible for induction of this biological effect. Serum B-3, like insulin, demonstrated a maximal stimulation of glucose oxidation with a concentration which produced only 10% inhibition of [125I]insulin binding, whereas serum B-2 produced almost superimposable curves for inhibition of insulin binding and stimulation of glucose oxidation. At maximally effective concentrations, the effects of insulin and antireceptor antibody were equal and not additive, while at submaximal concentrations insulin enhanced the stimulating activity of the antibody, suggesting that these two agents act through a common pathway in stimulating this response. Serum B-2, which contained the highest titers of antireceptor antibodies, also stimulated glucose incorporation into lipid and glycogen, as well as stimulated directly the uptake of 2-deoxyglucose.
Both the inhibition of insulin binding and the insulin-like biological effects were due to the immunoglobulins in these sera. Both were retained in the partially purified IgG, and in one case IgM, fractions of serum. In addition, both activities were retained in the F(ab')2 fragments obtained by pepsin digestion. Further, both the inhibitory activity (3) and the insulin-like biological effect of the serum were lost after preincubation of the serum with antihuman IgG, but not by treatment with anti-insulin antibodies. At present, however, it is impossible to exclude the possibility that the biological responses and inhibition ofbinding are due to different populations of antibody molecules contained in the serum or IgG preparation.
In an elegant study of one of the first patients with insulin resistance and acanthosis nigricans (it is difficult to decide if this patient was more like our Type A or Type B patients), Field and co-workers demonstrated a marked increase in the insulin-like activity of serum by bioassay (29) . On fractionation of the serum by starchblock electrophoresis, this bioactivity appeared in the zone between y-and , 8- (11) . Obviously, ultimate proof that the antibody binds directly to the receptor awaits complete purification of this membrane protein.
The antibodies present in this sera appear to have different binding sites on or near the insulin receptor complex as judged by differences in their bioactivities on normal and trypsinized cells. The fact that trypsin altered the responsiveness of the cell to all three antibodies suggests that the cell membrane structure with which these antibodies reacts is protein, at least in part. Serum B-3 was most insulin-like in its bioactivity curve (Fig. 4) and similar to insulin in that its effect was markedly decreased on cells which had been trypsinized. These findings, plus the fact that serum B-3 blocks insulin receptors almost equally well in a wide variety of species,5 suggests that this serum contains a population ofantibodies which bind close to the site on the receptor to which insulin binds and that this site has been well conserved in evolution. Even with serum B-3, however, it is clear that the antibody specificity is not exactly identical with that of insulin.
Although the insulin receptor is most likely a glycoprotein, at present we have no data to suggest that these antibodies are like the plant lectins which bind to diverse membrane glycoproteins and produce insulinlike biological effects (31) (32) (33) On the other hand, the fact that the antireceptor antibodies and the plant lectins are multivalent may be of some interest in determining the mechanism of action of these substances. Succinylated concanvallin A, which cannot induce patch and cap formation, retains its insulin-like effects, albeit at a reduced potency. 7 Similarly, preliminary experiments suggest that the ability of the monovalent Fab' antireceptor antibody to stimulate glucose oxidation is reduced.7 Both of these findings may be important clues in the mechanism of action of these substances, and perhaps of insulin, or may simply be consistent with the decrease in affinity which occurs when the number of binding sites on multivalent ligands is decreased (34) . This problem is currently under study.
These effects of the anti-insulin receptor antibodies in vitro only partially reflect the presumed effect of these same antibodies in vivo. Clearly, circulating monocytes derived from the patients with these antibodies show an alteration in insulin binding similar to that produced in vitro in isolated adipocytes. In contrast, however, all three ofthe patients whose sera were used in this study had symptoms early in the course of their disease primarily related to insulin resistance and hyperglycemia, suggesting that the insulin-like effect observed in vitro is not maintained in vivo. This could reflect differences in chronic versus acute exposure, or differences in effects on adipocytes versus other tissues more important for glucose homeostasis. Preliminary studies with liver and muscle, however, suggest that similar insulin-like effects of the antibodies will be seen.8 Perhaps, in vivo antibody binding mimics the effect of insulin to cause "down regulation" of insulin receptors (35, 36) , and this in turn leads to insulin resistance and possibly even loss of the insulin-like effect of the antibody. Alternatively, the insulin-like effect of the antibodies may be prevented in vivo by some unknown underlying defect in the patient's own cells.
It is interesting to note that one of the three patients described in our initial report (patient B-2) has subsequently died with intractable hypoglycemia. During this terminal phase of her disease, circulating levels of 6 The effects of anti-insulin receptor antibodies on insulin binding and glucose oxidation are very similar to the effects reported for immunoglobulin fractions from patients with Graves' disease. Several laboratories have now reported that serum and immunoglobulin fractions from patients with Graves' disease can inhibit the binding of labeled thyroid-stimulating hormone (TSH) to thyroid membranes (23, 24, 37, 38) . In addition, these same preparations stimulate the adenylate cyclase activity in thyroid tissue (23, 24, (39) (40) (41) and, when administered in vivo, stimulate thyroid hormone secretion (42, 43) . As with the anti-insulin receptor antibodies described in this report, immunoglobulins from patients with Graves' disease show heterogeneity with respect to titer, differing specificity for TSH receptors of various species, and ability to stimulate adenylate cyclase once bound to the receptor (23, 24, 40) .
Antibodies to the acetylcholine receptor have been found in the serum of patients with myasthenia gravis (25) (26) (27) (28) 44) and in the serum of animals immunized with solubilized acetylcholine receptors (45, 46) . In contrast to the antibodies to the insulin and TSH receptors, these appear to alter acetylcholine receptor function without major alterations in the binding of a-bungarotoxin to the cholinergic binding site (26, 28, 44) . Antibodies to the prolactin receptor have been produced by immunization of guinea pigs with soluble prolactin receptor preparations (47) . These antireceptor antibodies block both labeled prolactin binding and prolactin-stimulated biological effects in isolated mammary explants.
From these studies, it is clear that membrane receptor function can be altered in multiple ways by antibodies. In some cases, hormone binding is decreased and biological effects of the hormone are blocked; in other cases, the antibody blocks hormone binding and mimics its biological effect; and in still others, biological response is altered without an alteration in hormone binding. Antibodies to the insulin receptor show to some extent each of these functions. Thus, these antireceptor autoantibodies provide unique probes of both receptor structure and function.
